Three gonad-infecting species of Philometra Costa, 1845 were, for the first time, recorded from perciform fishes from estuarine and marine waters in South Carolina and Georgia, USA: Philometra charlestonensis sp. nov. from the scamp Mycteroperca phenax (Jordan et Swain) (Serranidae), P. saltatrix Ramachandran, 1973 from the bluefish Pomatomus saltatrix (Linnaeus) (Pomatomidae), and Philometra sp. from the Atlantic croaker Micropogonias undulatus (Linnaeus) (Sciaenidae). The new species is characterized mainly by males (body length 2.65-3.14 mm) with equally long, needle-like spicules (length 132-141 µm) and the gubernaculum (81-93 µm) bearing dorsal transverse lamella-like structures on its distal portion, the body length of gravid females (168-247 mm), the presence of a well-developed anterior bulbous inflation on the female oesophagus, and by the length of the first-stage larvae (544-597 µm). A key to gonad-infecting species of Philometra parasitizing marine and brackish-water fishes is provided.
Introduction
Gonad-infecting species of Philometra Costa, 1845 are widely distributed in marine fishes of the Atlantic, Indian and Pacific Oceans and may cause serious damage to the fish ovaries and may thus affect fish reproduction SalgadoMaldonado 2007, Moravec et al. 2007 ). Since they frequently occur in commercionally important wild or cultured fish hosts, the correct species identification of these parasites is very important.
During recent investigations into the parasites of fishes of South Carolina, USA carried out by the research team of I. de Buron, several species of freshwater, brackish-water and marine fishes were found to harbour philometrid nematodes parasitizing different fish organs. Results of the systematic-taxonomic and ecological evaluation of these parasites from freshwater centrarchids and some estuarine fishes (Paralichthys lethostigma Jordan et Gilbert and Cynoscion nebulosus (Cuvier)) have been published by Golléty et al. (2005) , Moravec and de and . Of a total of seven philometrid species recorded, only one, Philometra carolinensis Moravec, de Buron et Roumillat, 2006 from C. nebulosus, is a parasite of fish gonads. Three additional gonad-infecting species of Philometra, including one new to science, have been found in the recently examined scamp Mycteroperca phenax (Jordan et Swain) (Serranidae), bluefish Pomatomus saltatrix (Linnaeus) (Pomatomidae) and Atlantic croaker Micropogonias undulatus (Linnaeus) (Sciae-nidae). Results of the evaluation of these materials are presented herein.
These host species are subtropical fishes inhabiting brackish and marine environments. Whereas P. saltatrix (maximum body length 130 cm, weight up to 14.4 kg) has a circumglobal distribution in tropical and subtropical waters, M. phenax (maximum body length 107 cm, weight up to 4.2 kg) occurs in the Western Central Atlantic (Gulf of Mexico and the east coast of the United States from North Carolina to Key West and along the southern shore of the Caribbean Sea), and M. undulatus (maximum body length 55 cm, weight up to 2.58 kg) in the Western Atlantic and northern Gulf of Mexico to northern Mexico; possibly from southern Brazil to Argentina. All species are important as commercial and game fishes, and P. saltatrix is also utilized for aquaculture (Froese and Pauly 2008) .
Materials and methods
Fishes were captured using hook and line (scamp) and trammel netting (bluefish) off the Atlantic coast (31.86-32.58°N, 78.72-79.67°W) and from Cape Romain Estuary (33°01.5´-33°04.5´N, 79°23.5´-79°22.0´W), respectively, in South Carolina, and using trawling (croaker) off the Atlantic coast (31°19.7´N, 81°11.6´W) in Georgia: Scamp, Mycteroperca phenax (Jordan et Swain) (total body length 49 cm, range 45-72 cm) (n = 18; collected 7 April and 9 May 2006 and 24 April 2007); bluefish, Pomatomus saltatrix (L.) (total body length 34 cm) (n = 1; collected 19 April 2007); and Atlantic croaker, Micropogonias undulatus (L.) (total body length 21 cm) (n = 1; collected 13 October 2004). The fishes were transported on ice to the laboratory in Charleston and immediately examined. The nematodes recovered were washed in physiological saline and then fixed in hot 4% formaldehyde solution in saline. For light microscopy (LM), the nematodes were cleared with glycerine. Drawings were made with the aid of a Zeiss drawing attachment. Specimens used for scanning electron microscopy (SEM) were postfixed in 1% osmium tetroxide (via phosphate buffer), dehydrated through a graded acetone series, critical point dried and sputter-coated with gold; they were examined using a JEOL JSM-6300 SEM at an accelerating voltage of 15 kV. All measurements are in micrometres unless otherwise indicated. The names of fishes follow FishBase (Froese and Pauly 2008).
Results
Philometra charlestonensis sp. nov. (Figs 1-3 Gravid female (5 complete and 1 incomplete specimens, and 3 anterior and 5 posterior body ends; measurements of allotype in parentheses): Body of fixed specimens brown (red in live specimens), with smooth cuticle; body length 168-247 (247) mm, maximum width 1.14-1.59 (1.59) mm, maximum width/body length ratio 1:131-163 (1:155); posterior part of body narrower than anterior part. Cephalic end rounded, cephalic papillae very small, indistinct when viewed laterally. Oral aperture large, circular, surrounded by four pairs of submedian cephalic papillae of external circle and six single papillae (two lateral and four submedian) of internal circle. Pair of small lateral amphids present. Bottom of mouth formed by three oesophageal sectors. Oesophagus including anterior bulbous inflation 1.13-1.81 (-) mm long, representing 0.7-1% of body length; bulb 75-109 (109) Etymology: The specific name of this nematode species relates to the City of Charleston, South Carolina, USA.
Philometra saltatrix Ramachandran, 1973
Host: Bluefish, Pomatomus saltarix (Pomatomidae, Perciformes).
Site of infection: Testis. Locality: Cape Romain Estuary, South Carolina, USA. Prevalence and intensity: One nematode found in the only fish specimen examined.
Remarks: Only a single damaged specimen (a red-coloured subgravid female of about 15 mm long) was recovered and this was fixed for DNA analysis. Therefore, the species identification is based on general morphological characters, host species and geographical distribution of P. saltatrix.
Philometra saltatrix was originally inadequately described by Ramachandran (1973) from the gonads of P. saltatrix off the Atlantic coast of the USA (Connecticut), from where (New York and North Carolina) it was later reported from the same host species by Cheung et al. (1984) and Clarke et al. (2006) . In Europe, the same species was recorded from the gonads of P. saltatrix from the Mediterranean and Tuscan Seas by Moravec and Genc (2004) and , respectively.
Philometra sp. (Figs 4 and 5)
Gravid female (1 specimen): Body of fixed specimen filiform, conspicuously narrow, brownish, with distinct brown-coloured intestine visible through cuticle, with rounded ends. Posterior part of body narrower than anterior part; maximum width in region posterior to oesophagus. Body length 173 mm, maximum width 639; maximum width/length ratio of body 1:271. Cuticle smooth. Cephalic papillae small, indistinct when viewed laterally. Oral aperture large, almost circular, surrounded by four pairs of submedian cephalic papillae of outer circle and six single papillae (two lateral and four submedian) of inner circle. Pair of large lateral amphids present. Oesophagus narrow, somewhat inflated at its anterior end; anterior inflation 68 long and 54 wide. Overall length of oesophagus 1.24 mm, representing 0.7% of body length; maximum width of its posterior part including oesophageal gland 82. Dorsal oesophageal gland well developed, extending anteriorly nearly to level of nerve ring and posteriorly to small ventriculus; gland provided with large cell nucleus located in about its middle, 884 from anterior extremity. Ventriculus 27 long, 68 wide. Nerve ring 258 from anterior end of body. Posterior end of intestine atrophied, forming narrow ligament attached ventrally to body wall near posterior extremity. Posterior end of body rounded, 95 wide, with pair of very Remarks: The gross morphology and measurements of this specimen resemble those of gravid females of Philometra carolinensis Moravec, de Buron et Roumillat, 2006 , a gonadinfecting philometrid recently described from another sciaenid fish, Cynoscion nebulosus (Cuvier), from South Carolina estuaries , except for the presence of minute caudal projections. Species identification will only be possible when conspecific males are obtained from M. undulatus. In contrast to P. charlestonensis sp. nov., the gravid female of this species is shorter and thinner and its first-stage larvae are distinctly shorter (462-490 vs. 544-597). Moravec (2006) listed a total of 16 gonad-infecting species of Philometra, of which P. nemipteri Luo, 2001 was designated a species inquirenda; however, he omitted Philometra neolateolabracis Rajyalakshmi, Hanumantha Rao et Shyamasundari, 1985 , a species from the ovary of Johnius argentatus [= Pennahia argentata (Houttuyn)] in India (see Rajyalakshmi et al. 1985) , which also should be considered a species inquirenda because of its poor description. Three additional species, Philometra mexicana Moravec et Salgado-Maldonado, 2007 , P. isaki Quiazon, Yoshinaga et Ogawa, 2008 and P. madai Quiazon, Yoshinaga et Ogawa, 2008 , were described since Salgado-Maldonado 2007, Quiazon et al. 2008) , and P. jordanoi (López-Neyra, 1951 ) was revalidated (Moravec 2008) .
Discussion
Of all these species, only five have been reported from the Western Atlantic: Philometra carolinensis Moravec, de Buron et Roumillat, 2006 from Cynoscion nebulosus (Cuvier) (Sciaenidae) in the USA (South Carolina); P. lateolabracis (Yamaguti, 1935 ) from several fish species of different families in Bermuda, Cuba and Brazil; P. margolisi Moravec, VidalMartínez et Aguirre-Macedo, 1995 from Epinephelus morio (Valenciennes) (Serranidae) in Mexico (Gulf of Mexico); P. mexicana from Epinephelus adscensionis (Osbeck) (Serranidae) in Mexico (Gulf of Mexico); and P. saltatrix Ramachandran, 1973 from Pomatomus saltatrix (Linnaeus) (Pomatomidae) in the USA (Connecticut) (Rees 1970; Crisp and Klein 1973; Ramachandran 1973; Martínez and Ventosa 1982; Moravec et al. 1995 Moravec 2006) . Linton (1901 Linton ( , 1907 ) also reported Philometra globiceps (Rudolphi, 1819) from five fish species belonging to the Belonidae, Lobotidae, Megalopidae, Pomatomidae and Scombridae off the USA (Massachusetts) and Bermudas, but this identification is doubtful (Petter and Radujkoviae 1989, Moravec 2006) . Philometra charlestonensis sp. nov. can be easily distinguished from P. carolinensis, P. margolisi and P. saltatrix by the length of the spicules. Whereas the spicules of P. carolinensis and P. saltatrix are distinctly shorter [81-87 and 60-70 µm (81-111 µm according to , respectively], those of P. margolisi are about four-times longer (432-468 µm); moreover, the gubernaculum of P. carolinensis is provided with a dorsal barb on the distal end. Philometra mexicana differs from P. charlestonensis sp. nov. in having shorter spicules (90-120 µm) representing 5-7% of the male body length (vs. 132-141 µm representing 4-5%); although the body lengths of the gravid females of both species are much the same, their maximum body width/length ratios differ (1:159-230 vs. 1:131-163) and the males of the former species are distinctly smaller (body length 1.63-1.86 vs. 2.65-3.14 mm); both species also differ in the length of larvae from the uterus (420-435 vs. 544-597 µm).
Based on SEM study, Quiazon et al. (2008) have recently found, for the first time in Philometra, that the distal portion of the gubernaculum in P. lateolabracis and P. madai bears dorsal transverse lamella-like structures. Similar structures are present on the gubernaculum of P. charlestonensis (Fig.  3B ) and they have recently been recorded also in P. saltatrix (see . The presence or absence of such structures may be a good differentiation feature of gonadinfecting species of Philometra.
Taking into account the recent redescription of Philometra lateolabracis by Quiazon et al. (2008) based on specimens from the type host in Japan, all the previous records of this species from different fish hosts in the Western Atlantic (see above) apparently deal with other species, which, for the time Moravec 2006) . The morphology of the worms from M. bonaci and M. venenosa is not known and, therefore, they both should be considered Philometra sp. Moravec and Genc (2004) described the males and young mature females (taken for P. lateolabracis) from M. rubra, but their morphology appears to be different from that of P. charlestonensis and P. lateolabracis (as redescribed by Quiazon et al. 2008) and, consequently, they also should be designated Philometra sp. until more data are available.
Differences between P. charlestonensis and other gonadinfecting species of Philometra are evident from the following key. 
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